We present Confocal Depolarized Dynamic Light Scattering as a novel optical method for the characterization of nanoparticles in solution. The method is validated in conditions of biological interest where traditional optical methods fail. As a test case we study highly concentrated, strongly scattering, samples of thermosensitive core-shell particles constituted by a spherical PMMA core surrounded by a PNIPAM network and, follow the kinetics of the processes induced by temperature changes. We prove that through the confocal optical scheme, the multiple scattering contribution is reduced by orders of magnitude.
Introduction
The use of nanoparticles (NPs) Moore 2015) are required that are beyond the capabilities of the standard characterization methods.
Although current methods can be applied to measure the response of NPs to external stimuli under ideal conditions in laboratory set-ups, they cannot be used in less ideal environments such as in complex biological fluids, where it would be important to grasp the NPs specific evolution and modifications (Xie 2015 , Itoh 2015 , Mukherjee 2008 , Huang 2013 . In this paper, we will present a novel technique for the characterization of NPs in solution.
Nowadays, the most common method Here we present an adapted version of the DDLS technique that is able to overcome the limitations typical of both DLS and DDLS and which allows the efficient characterization of NPs with a superior accuracy in particle size determination (Potenza 2010 , Potenza 2011 ). Our approach is based upon the analysis of the forward, depolarized scattered fields generated from a In this work, we describe the experimental method. We prove the feasibility of measurements in known samples affected by strong multiple scattering, and we study the effect of polydispersity. We also present results of measurements performed on suspensions of core-shell particles constituted by a spherical PMMA core surrounded by a PNIPAM network that is thermosensitive. Future applications of the method are discussed.
Materials and Methods

The Confocal Depolarized Dynamic
Light Scattering (CDDLS)
The CDDLS method was introduced as an extension of the traditional DDLS method (Degiorgio 1994 , Degiorgio 1997 , with the aim to overcome the typical limitations arising from multiple scattering. The ultimate reason why the traditional DDLS fails is the fact that optical anisotropy gives rise to a depolarized scattered amplitude that is orders of magnitude smaller than the polarized scattered one. Therefore, the probability to detect polarized light which suffered two (or more) scattering events is comparable or even larger than the probability to detect depolarized scattered light. As a result, DDLS can only be applied in highly specific conditions, which are not of interest for most applications.
The fundamentals of the CDDLS method and the experimental apparatus are described in details in (Potenza 2010 , Potenza 2011 ). Here we just recall the basics of the method, and briefly describe the optical layout. ( 1) where k B is the Boltzmann's constant, T the absolute temperature and η the kinematic viscosity of the fluid surrounding the particle an estimate of the radius R of the particle can be derived based on the experimentally determined characteristic decorrelation time τ:
Because the rotational time constant depends on the third power of the radius small differences in radius will have a large impact on the time constants. Hence, rotational diffusion offers a superior resolution in particle sizing as compared to translational diffusion. This is of particular importance in applications where the NPs under study are monodisperse, and minute changes of radii have to be studied. We will demonstrate below that CDDLS is sensible to changes in radii of less than 1 nm for particles 100 nm in diameter. Moreover, the presence of a small poly-dispersity in the size distribution is amplified by this third power dependence.
Note that in this case the traditional cumulant method is no longer valid, and a dedicated analysis is necessary (Potenza 2012 ).
In Fig. 1 Fig. 3.a.) , 0.020, 0.004. A log-lin scale is adopted here. Continuous lines indicate the best-fitted curves including polydispersity.
The rotational contribution can then be extracted and is shown on a log-lin scale in In Figure 6 .a we report the hydrodynamic radii of the core shell particles during a temperature scan. As expected we observe a transition at T = 32°C (Dingenouts 1998 , Crassous 2006 , Crassous 2008 . The polydispersity during the temperature scan has been evaluated following the approach 
Conclusions
In this work we provide a proof of principle that the novel technique CDDLS is capable We will use the technique to study the early stages of nucleation of protein crystals. A preliminary study is described in (Maes 2015 
